The identification of skeletal remains is of fundamental value in medico-legal fields. The skeletal components most often investigated for gender determination are the pelvis and skull, with the mandible especially in cases of destroyed bodies. The purpose of this study was to define the validity of mandibular measures taken through cone beam computerized tomography in sex determination and to establish a formula for such differentiation. The sample consisted of 100 Cone beam computerized tomography (CBCT). The CBCT images were analyzed for five measurements: the distance from the inferior border of the mandibular body to the highest point of the alveolar crest ( IBM-HAC), the distance between the inferior margins of the mental foramen to the inferior border of mandibular body (IMMF-IBM), the distance between the superior margins of the mental foramen to the highest point of the alveolar crest (SMMF-HAC), the distance between the superior margins of the mental foramen to the inferior border of the mandible (SMMF-IBM), and volume of mental foramen. (VMF). Data analysis was achieved using SPSS version 22. Forward stepwise binary logistic regression analysis was accomplished to predict the probability of identifying male based on one or more independent variables. The logistic regression for the different varies revealed only the distance between the superior margins of the mental foramen to the inferior border of the mandible (SMMF-IBM), and volume of mental foramen. (VMF) as the significant contributors to the regression model. The logistic regression model was statistically significant and able to 75% of the difference in sex and accurately categorized all cases. Based on the logistic regression model, an equation for prediction of sex was derived.
INTRODUCTION
he distinction in racial groups by analyzing the morphological features of the skeleton is a fundamental aspect in the scope of forensic anthropology (Thiago et al., 2016) . Prediction of sex is an important parameters that may employ for precursory identification of missing persons (Annamalai et al., 2012 and Akhilesh et al., 2013) . Because of the indestructible characters of craniofacial bones, a high definitive information can be obtained from such nondestroyed skeletal parts, including the mandible (Franklin et al., 2008) .
As a role, the anthropologists use the morphological characters of the mandible in the determination of sex. Inclusion of mandibular radiographs as a part of the investigations will increase the accuracy of measurements (Humphrey et al., 1999) . The digital panoramic technique may improve the quality of the radiograph with more obtained measurements' accuracy (Cagri et al., 2011) .
Worldwide, the morphologic and morphometric sexual dimorphism of the mandible has been investigated in many studies in the United States, China, Japan, and Europe, for so, it is of great significance to link a particular population with their existing T skeletal characters (Naroor et al., 2015) . Mental foramen is the opening of mandibular canal in the body of mandible. It is fairly well depicted in panoramic radiographs that may show vertical and horizontal difference of location in different racial sets (Wei et al., 2010) .
Computed tomography (CT), as a three-dimensional radiographic imaging technique, has been reported to be an effective tool for imaging head and neck structures both clinically as well as in forensic purposes (Rashid and Ali, 2011) . Cone-beam computed tomography (CBCT), a more latterly applied variance of CT, has shown various advantages if compared with the panoramic radiography and the conventional CT methods, including improvement of images adequacy, better uniformly resolution of the osseous structures with the expected improvement of findings' interpretations (Lubis and Anfelia 2018) . The aim of this study was to focus light at the sexual dimorphism that may be exist between the male and the female gender using anthropometric mandibular measures on Cone beam computerized tomography images, and to set up a formula with prospect predictive estimates.
II-PATIENTS AND METHODS

This work was conducted on one hundred
Cone beam computerized tomography images of 100 Saudi Arabia patients (54 males and 46 females), their ages ranged from 20-55 years. They were attending at four private dental care academies in the Eastern Provence, Saudi Arabia from the period from January 2017 to Jun 2018. The patients underwent a dental Cone beam computerized tomography examination as a part of their treatment. The approval of the local ethics committee of our institute was obtained after fulfillment of the ethical aspect. Written informed consent was gained from each patient for using his/ her personal or imaging data after obvious clarification for the purpose as well as the anticipated scientific interests of the study. Moreover, the absolute confidentiality of the information was promoted.
The inclusion criteria for selection of the study sample were; Presence of all teeth in the region of measurements. Minimal or absent alveolar crest resorption in the examined regions. No artefacts in CBCT images. Exclusion criteria were; less than 10 years of age because of invisibility of mental foramen due to mixed dentition, distortion of images, Presence of artifacts, as well as nonvisualization of the mental foramen. The study materials were divided into three sets of less than 25 years (42 patient), 25 -50 years (33 patient) and above 50 years (25 patient).
The cone beam images were imported to the Simplant program Ver. 17.01 (Dentsply Implants 3500 Hasselt Belgium). The 3D view was selected and magnified using the Zoom" tool then the "Measure distance" tool was selected from the tools menu. As previous studies demonstrated that, the mental foramens had almost symmetrical position on both sides ( E: Volume of mental foramen (VMF): The bone graft tool was selected and activated to fill the empty space of the mental foramen, and then the graft volume was converted into three-dimensional object. More clarification of the three-dimensional object was done by selecting the properties option from the panel to display the width, height, and depth of the mental foramen in millimeters and the volume in cubic centimeters in the second panel (figures 2). 
Statistical analysis:
Data analysis was carried out using IBM SPSS statistics version 22. Numerical variables were checked for normality by Shapiro-Wilk test. All numerical variables were found to follow a normal distribution; therefore, values were summarized as mean ± standard deviation and Independent-samples T test was implemented for comparison between men and women. For qualitative data, Pearson's Chi -square test was employed to examine the association among sex and age groups. Multiple regression analysis was done to examine the effect of predictors (age and sex) on the outcome (mandibular measurements). Forward stepwise binary logistic regression was carried out to foretell the probability of identifying male based on one or more independent variables (age and mandibular measurements). Significance was considered at p < 0.05 for interpretation of results of tests ( William et al., 2015) .
III-RESULTS The distribution of age and sex of the study participants is depicted in figure (3) showing that the percentage of men was slightly higher than the women in all age groups, with no statistical significance (p > 0.05). Table (1) compares the five studied measurements between the male and female participants. Men had a significantly higher mean mandibular height (IBM-HAC), SMMF-IBM, and VMF, than women (p < 0.001). On the contrary, there was no significant difference between the means of IMMF-IBM and SMMF-HAC of men and women. Highest point of alveolar crest; VMF: Volume of mental foramen; n: Number of patients =100 (54 males&46 females); SD: Standard Deviation; t: Student's T-test; * significant at p <0.05.;*highly significant at p<0.001; NS=Non-significant (p> 0.05).
The differences in mean mandibular height (IBM-HAC) between men and women, also between the three age groups showed slight decrease with increase of age, with the highest mean value at the age group "less than 25 years" (24.99 and 16.89 mm in male and female, respectively) . This difference reached the lowest value in age group "above 50 years" (23.40 and 15.45 mm of male and female, respectively). Similar changes were noticed with mean value of SMMF-IBM, which was 13.57 and 10.44 in male and female participants aged less than 25 years; then reached 13.08 and 9.88 in male and female who were above 50 years. However, the mean VMF was slightly higher in both male and female participants who aged 25 to 50 years than those aged less than 25 or above 50 years old. (Figures 4-6 Employing a multiple regression analysis to evaluate the effect of sex and age on the five studied measurements revealed that, increase in age was found to be significantly associated with a decrease in mandibular height (IBM-HAC), IMMF-IBM and SMMF-HAC, and SMMF-IBM (p <0.001, when adjusted for sex). However, increased age was not associated with a significant change in VMF (p > 0.05, when adjusted for sex). Studying the effect of sex on the mandibular measurements revealed a significant effect on mandibular height (IBM-HAC), SMMF-IBM, and VMF (p <0.001, when adjusted for age). Sex was not associated with significant changes in IMMF-IBM and SMMF-HAC (p = 0.279 and 0.393 respectively, when adjusted for age), (table 2). ) of the difference in sex and accurately categorized all cases. Based on the logistic regression model, an equation for prediction of sex was derived: Logit (p) = -143.56 + (5.17 × SMMF-IBM) + (4168.1 × VMF) + (1.547 × age) Where age is coded as 1 if less than 25; 2 if between 25 and 50; and 3 if above 50 years. Logit (p) can be transformed into P (probability of being male) by the following formula: 
IV-DISCUSSION
In the present work, men had significantly higher mean mandibular height (IBM-HAC), than women (p < 0.001). These differences were observed when studying the total study sample, as well as in all age groups and these results were in accordance with other studies conducted on dentulous and edentulous persons that concluded the significantly greater maxillary and mandibular measurements in men than women. (Ortman et al., 1989; De Baat et al., 1993 and Moni et al., 2014) .
As proved in this research, the mean values of SMMF-IBM were significantly higher in males than females in all age groups. Previous studies on other races reported similar results (Mahima et al., 2009) and (Chandra et al.,2013) in India, (Afkhami et al., 2013) in Iran, (Catovie et al., 2002) in Croatia, (Thomas et al., 2004) in Australia, and (EL gazzar et al., 2012) in Egypt. Also in this study, the mean values of IMMF-IBM and SMMF-IBM in both sexes were smaller than reported in previous Indian studies (Rajani and Srivastav 2010 &Sankar et al., 2011) .
As illustrated in the current results, Men had significantly higher mean VMF than women (p < 0.001).This goes in accordance with a previously published report for studying the average sizes of long and short axes of mental foramina of both sexes using dried adult human mandibles (Rajani and Srivastav 2010) . On the other hand, another study from Sri Lanka denied any significant difference in shape and position of the mental foramina in both sexes (Prabodha and Nanayakkara 2006) .
In our existing study, the mean VMF was slightly higher in both male and female participants who aged 25 to 50 years than those aged less than 25 years old. This could be explained by the various changes occurring in bone with age in the form of obvious raise in cortical porousness and increase resorption rate of canals of Havers (Vodanovic et al., 2006; Ngeow et al., 2010 and Mahnaz & Mitra, 2016) . Our results demonstrate that there was no considerable difference among the means of IMMF-IBM and SMMF-HAC of men and women and these results go hand in hand with: Indian study (Moni et al., 2014) , and Iranian study (Haraji and Boostani,2013) . On the contrary, other studies from Egypt (EL gazzar et al., 2016) , India (Sankar et al, 2011), and Brazil (Amorim et al, 2008 ) proved a significant difference among the means of IMMF-IBM and SMMF-HAC. These observed differences may be attributed to different methodology such as measurements on dry skull, photographs or radiographs (YiPing et al., 2010) .
In this work, Increase in age was found to be significantly associated with a decrease in the studied mandibular measurements when adjusted for sex. These results coincide with those of Singleton et al. (2006) and Yi-Ping et al. (2010) , who stated that the decrease of the height of mandibular residual ridge correlates with the decrease of the mandibular bone density and the age. Also with Jonasson and Rythén, (2016) , who reported a significant high difference between males and females in midline and mental foramen areas. In addition, Franklin et al., (2008) , in their study on South Africans Population, concluded about the continuous reduction in bone height with age due to multiple systemic and local factors , this reduction is greater in females.
The significant influence of sex on the analyzed measurements with the higher values observed in males may be attributed to the higher rate of bone growth of craniofacial dimensions in males under effects of sex hormones. In addition, There is considerable differences in mental foramen position between the two sexes (Rashid and Ali, 2011; Lubis and Anfelia, 2018 and Naveen et al., 2018) . Moreover, mandibular dimorphism is influenced by the strength of mastication muscles (Humphrey et al., 1999; Greenstein and Tarnow, 2006) .
The measurements obtained from the current study were more comparable to those of direct measurement investigated by Apinhasmit et al., (2006) on 106 Thai adult skulls. In addition, many investigators had reported the results of CT scans as more precise than plain radiographs to reveal mental foramen (Ngeow et al., 2010& Alessandro et al., 2017 . According to Alessandro et al., (2017) , digital distances taken on CBCT images may conduct dependable results when compared to measurements gained through a digital caliper.
V-CONCLUSION From the five studied measurements, men had significantly higher mean mandibular height (IBM-HAC), SMMF-IBM, and VMF, than women. Contrariwise, there was no significant difference between the means of IMMF-IBM and SMMF-HAC of men and women. Logistic regression revealed SMMF-IBM, and VMF, in addition to age group, as significant contributors to the regression model. The logistic regression model was statistically significant to clarify 75% of sex difference with an accurate categorization of all cases. Based on the logistic regression model, an equation for prediction of sex was created that could be used for prediction of sex in forensic odontology.
VI-RECOMMENDATIONS
It is a scientific request to expand the study of forensic odontology in Arabic countries and to provide the scientific fields for training among different sectors of the forensic professionals. The advantages of CBCT in the field of forensic odontology should be highlighted in both forensic and police circles. Conducting further inclusive studies on larger scales may improve the accuracy of the results. In addition, Studies considering group specific standards are increasingly asked as the surrounding environment and occupation may affect the skeleton and subsequently bones measurements.
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